The axon guidance molecule netrin-1 has been implicated in the midline repulsion of developing cranial motor axons. We have examined expression patterns of the netrin receptors UNC5H1 and DCC in embryonic rat hindbrains, in combination with labelling of developing motor neurons. We found that UNC5H1 expression colocalised with a number of cranial motor neuron subpopulations from embryonic day 11 (E11) to E14, while DCC was expressed by motor neurons at E12. q
Results and discussion
During neural development, axonal navigation depends on guidance molecules that include the netrin family (reviewed by Tessier-Lavigne and Goodman, 1996; Mueller, 1999) . Collagen gel co-culture experiments have shown that netrin-1 repels the axons of subsets of cranial motor neurons, implying that they express netrin receptors (Colamarino and Tessier-Lavigne, 1995; Varela-Echavarrõ Âa et al., 1997) . Vertebrate netrin receptors include UNC5H1, which is implicated in chemorepulsion (Leonardo et al., 1997) and DCC, which is required for netrin-mediated chemoattraction (Keino-Masu et al., 1996) . However, the DCC homologue, unc40, is also required for the chemorepulsion of some axons in the nematode (Hedgecock et al., 1990) , and vertebrate UNC5H1 and DCC form a complex that can mediate chemorepulsion (Hong et al., 1999 ). Thus we have studied the expression patterns of both these genes in cranial motor neurons in the rat embryo, by in situ hybridisation in combination with labelling of motor neurons using immunohistochemistry or axon tracing.
At E11, UNC5H1 was expressed in a stripe that spanned the neuroepithelium on either side of the¯oor plate (Fig.  1A±B HH ). Immunostaining for the motor neuron-speci®c proteins, Islet-1/2 (Ericson et al., 1996) , showed that the subset of motor neurons lying more dorsally expressed UNC5H1 (Fig. 1A±B  HH ) . These neurons are likely to correspond with branchiomotor and visceral motor neuron subtypes, which are born ventrally (Briscoe et al., 1999) , then send their axons via dorsal exit points, and subsequently translocate their cell bodies dorsally (Simon et al., 1994) . Thus, these dorsally-projecting neurons express UNC5H1 once their migration away from the midline has begun. Consistent with this, immunostaining for Nkx2.2, a homeoprotein expressed by the progenitors of dorsally projecting neurons (Briscoe et al., 1999) , showed partial overlap with UNC5H1 expression (Fig. 1H±H HH ). At E12, UNC5H1 expression delineated a ventral stripe ( Fig. 1C±G H , I±J HH ), but at post-otic levels, this domain did not span the ventricular-pial extent of the neuroepithelium (Fig.  1E ). As at E11, motor neurons located ventrally were devoid of UNC5H1 expression, whilst cells that had migrated dorsally occupied an UNC5H1 domain in the mantle zone forming`wings' (Fig. 1C, D) . Retrograde labelling from dorsal exit points of the more mature cohort of dorsallyprojecting motor neurons, which have migrated some way dorsally, showed correspondence with expression of UNC5H1 (Fig. 1F±G H ). Conversely, immunostaining of young dorsally projecting neurons with Nkx2.2 antibodies showed no overlap with UNC5H1 expression (Fig. 1I±I HH ). Immunostaining for MNR2, which labels ventrally projecting (somatic motor) neurons (Tanabe et al., 1998) , showed E-mail address: sarah.guthrie@kcl.ac.uk (S. Guthrie). that these cells were completely enclosed within the UNC5H1 domain (Fig. 1J±J  HH ) . At E13, UNC5H1 expression was extinguished within the ventricular zone, but remained at high levels within the mantle zone, extending dorsally as far as the exit points, corresponding with the dorsal limit of Islet-1/2-positive cells (Fig. 2A±D HH ). The UNC5H1 domain included the ven-tralmost population of Islet-1/2-positive cells only at post-otic levels, probably corresponding with ventrally projecting motor neurons, which are located in the caudal hindbrain and whose somata remain close to the midline (Fig. 2B±D HH ). Dorsally-projecting neurons identi®ed by axon tracing lay at the dorsal edge of the UNC5H1 domain (Fig. 2E, F) . At E14, UNC5H1 was down-regulated in all cranial motor nuclei except the facial motor nucleus (Fig.  2G±H) .
DCC was not expressed by motor neurons at E11 (data not shown), but at E12, DCC expression formed a decreasing dorsal to ventral gradient throughout the mantle zone, stopping short of the¯oor plate (Fig. 2I ). Islet-1/2-positive motor neurons expressed DCC at E12 (Fig. 2I±I HH ), but not at E13 (Fig. 2J±J HH ) or E14 (data not shown). Taken together, our ®ndings indicate that netrin receptors are expressed by both dorsally and ventrally-projecting cranial motor neurons.
Experimental procedures
Whole-mount in situ hybridisation, immunohistochemistry and retrograde axonal tracing were performed as described (Ku Èry et al., 2000; Caton et al., 2000) . In situ probes for UNC5H1 (29-1) and DCC (22-2, D-24) were the kind gift of Dr M. Tessier-Lavigne. The anti-Islet1/2 antibody (39.4D5) and the anti-MNR2 antibody (81.5C10) were obtained from the Developmental Studies Hybridoma Bank, while the anti-Nkx2.2 antibody (74.5A5) was the kind gift of Dr T. Jessell.
